Effects of maternal hyperphenylalaninemia on fetal brain development: a biochemical study.
We examined the effects of maternal hyperphenylalaninemia on body and brain growth, and the biochemical maturation of the fetal and neonatal rat brain. Elevated concentrations of plasma phenylalanine were induced in pregnant rats under two experimental conditions from the 14th through the 21st days of gestation. In the first treatment, pregnant rats were injected subcutaneously with alpha-methylphenylalanine (to inhibit maternal liver phenylalanine hydroxylase) at a dosage of 30 mg/100 g body weight plus phenylalanine supplementation (to increase maternal and fetal plasma phenylalanine) at a dosage of 60 mg/100 g body weight two times daily. In the second treatment, pregnant dams were injected with phenylalanine only at a dosage of 65 mg/100 g body weight three times daily. Treatment with alpha-methylphenylalanine/phenylalanine (mPhe/Phe) resulted in a 76% inhibition in the activity of maternal phenylalanine hydroxylase and a 25-fold increase in the mean daily concentration of phenylalanine in the maternal and fetal plasma. Phenylalanine treatment alone resulted in a 15-fold increase in plasma phenylalanine in the maternal and fetal animals. Significant reductions in body and brain weights in the fetal and neonatal rats were found in both treatment groups. Biochemical determinations indicated that the total DNA, RNA, and protein contents of the cerebra were reduced, with the reductions being greater in the mPhe/Phe- than the phenylalanine-treated rats. However, the retardation in body and brain growth of both treatment groups did not appear to be permanent because substantial recovery was noted in the rats after postnatal day 7. These results suggest that exposure of the fetus to high plasma concentrations of phenylalanine caused a delay in the biochemical maturation of the fetal rat brain.